Changes in the relative sensitivity of reaction of oestrone, oestradiol, oestriol, and their monoglucuronides due to changes in reaction temperature and the acid and quinol concentrations of Kober's reagent have been investigated by means of an automated system. Similar investigations have beencarried out with a number of standardized pregnancy urines. All measurementshave been made with reference to an oestriol-16<x(~-D·glucuronide) standard. These changes have been examined with trichloracetic acid and p-nitrophenol in Ittrich's reagent. The importance of the final acid concentration has also been examined. As a result of these investigations a modified scheme is suggested which givesmaximal sensitivity to oestriol conjugates and minimal sensitivity to oestradiol conjugates, and may be calibrated by using an oestriolconjugate asa primarystandard. The effect of varying the concentration of trichloracetic acid and p-nitrophenol in Ittrich's reagent has been examined under these modified conditions. More than ZOO urines have been assayed by this method and the results compared with those obtained by the present automated procedure. The effect of dilution on many of these specimens has also been examined.
A number of methods (Conaill and Muir, 1968;  been shown that the level of oestriol in certain Campbell and Gardner, 1971; Hainsworth and Hall, conditions may be as low as 50% of the total 1971) have been suggested for the automated analysis (Hobkirk et al., 1970) . These workers do not indicate of urinary oestrogens in pregnancy, based on the that the other constituents are of fetal origin. We fluorescence produced when the chromogens due therefore feel that a method sensitive to oestriol to oestrogens obtained with Kober's reagent are is of prime importance. transferred to an organic phase containing either
The main objects of this study were, firstly, to trichloracetic acid or p-nitrophenol. These methods find a substance which could be used satisfactorily give precise results within individual laboratories, as a primary standard, and, secondly, to compare but National Quality Control surveys have shown the fluorescence of other oestrogens against this large variations between laboratories. It is sug-standard under differing conditions of reaction with gested that the reason for this is two-fold. Firstly, the aim of deciding the most suitable conditions for the difficulty in calibration owing to the insolubility assessing feto-placental function. Oestriol-I61X(,8-Dof free oestriol in water has led to the use of either glucuronide) was selected as a primary standard secondary urine standards calibrated initially by a because it is water-soluble and is the largest single manual procedure, or free oestriol made up in a constituent of pregnancy urines (Hashimoto and mixture of ethanol and water. Neither of these Neeman, 1963) . The term primary standard has methods has proved entirely satisfactory and both been used here because, though it may not strictly have certain fundamental objections. Secondly, fulfil that definition, we feel it approaches the the most likely reason for inter-laboratory variations necessary criteria more nearly than any other is the difference in the assay conditions, principally alternative for the reasons already stated. The fluoacid and quinol concentrations in Kober's reagent, rescence of free oestriol, oestradiol, oestrone, and heating coil temperature, and final acid con centra-their monoglucuronides was measured relative to tions. Brown (1952) has shown that these factors this standard under differing conditions of acid affect both the colour and fluorescence produced and quinol concentration in Kober's reagent, heating by all the oestrogens and also that different oestro-coil temperature, and final acid concentration. A gens react in different ways to changes in these number of urines, including a pooled urine, with conditions. It has always been assumed that the which precision studies were carried out, were also percentage of oestriol in the total oestrogen output estimated. Results were obtained using trichloris so high in the last trimester of pregnancy that any acetic acid and p-nitrophenol in the Ittrich's reagent, significant changes in oestriol will be observed by and these were compared for statistically significant measuring total oestrogens, However, this can be differences. true only when the conditions selected are particu- Brown (1952) has indicated that the final acid lady sensitive to oestriol. Further, it has recently concentration has an effect on the sensitivity of the 233 reaction. Therefore the most favourable conditions indicated by the above investigations were selected and the effect of changing the final acid concentration examined. This was carried out in two ways; firstly, by changing the size of pump tube in the manifold on the water diluent line, and, secondly, by adding acid to the diluent line. From these results it was possible to suggest a system which in the opinion of the authors is most sensitive to oestriol conjugates. The effect of changes in trichloracetic acid and p-nitrophenol concentrations in lttrich's reagent was examined under these conditions. Many routine specimens have been measured under these improved conditions and the results compared with those obtained on the same specimens by using the original automated routine method, which was based on that of Campbell and Gardner (1971) . The effect of diluting the urines to a final volume of 2 I has also been investigated. 
MATERIALS AND METHODS

Reagents and standards
Kober's reagent was made up by dissolving Analar grade quinol in distilled water, adding Analar sulphuric acid S.G. 1.84, and cooling.
In Ittrich's reagent Analar trichloracetic acid or p-nitrophenol (British Drug Houses, Poole, Dorset) was dissolved in Analar chloroform. With the latter reagent (p-nitrophenol) ethanol (10 ml/l) was added. Pure oestriol, oestriol-16oc:{,B-D-glucuronide), oestriol-3,B-D-glucuronide (sodium salt), oestriol-I 7fJ(fJ-Dglucuronide), oestradiol, ,B-oestradiol-3,B-D-glucuronide (sodium salt), fJ-oestradiol-I 7fJ-D-glucuronide (sodium salt), oestrone, and oestrone-,B-D-glucuronide (sodium salt) were obtained from the Sigma Chemical Company, Kingston, Surrey KT2 7B. The standards were dried over calcium chloride, weighed, and made up to known concentrations. The free oestrogens were dissolved in 0.05 mol sodium carbonate/sodium hydroxide buffer at pH 10.8, and the conjugates in distilled water. Oestrogen analysis
RESULTS
Effect of varying the acid concentration in Kober's reagent
Oestrogen standards and five urine specimens were analysed in triplicate, The urines, which will be referred to as "calibrated urines", were assayed by the method of Oakey et al., (1967) . A sixth urine was analysed 20 times and is referred to as "pooled urine." Analyses were carried out using a heating coil temperature of 120°C and a quinol concentration of 20 gIl. The acid concentration in Kober's reagent was varied between 50% and 80% (v/v). Results were obtained with Ittrich's reagent using both 5 % (w/v) trichloracetic acid and 1.8 % (w/v) p-nitrophenol. Fig. 2 shows the results for the oestrogen standards, expressed as percentage fluorescence, oestriol-16or.(B-n-glucuronide) being taken as 100% and allowing for the differences in molecular concentration between standards. The results obtained for the urines arc shown in Fig. 3 and have been calculated in mgll of free oestriol with the use of oestriol-16or.({1-n-glucuronide) as the calibrating standard.
Analyses were carried out on an AutoAnalyzer by a modification of the method of Campbell and Gardner (1971) shown diagrammatically in Fig. 1 . A Locarte fluorimeter Mark 4 was used with a thallium lamp, no primary filter, and a secondary filter at 555 nm. Specimens were sampled at 30/hour with a 1: 2 wash .sample ratio. Vinescol tubing (Esco Rubber Company, London WIN 5AB) was used on all reagent to manifold lines, the lines to and from the heating coil, and for glass and nipple junctions where chloroform or acid or both were being pumped. Pump tube sizes were changed in some later experiments as stated below. Key common to Figs, 2, 4, 6, 8, 9, and 
Effect of varying the quinol concentration
The effect of changes in quinol concentration on oestrogen standards and urines was investigated in the same manner as the effect of the acid concentration. Heating coil temperature was kept constant at 120°C and the acid concentration in Kober's reagent at 65 % (v/v). Quinol concentration was varied from 10 gil to 30 gil. The results, expressed as before, are shown in Figs. 4 and 5. 
Effect of heating coil temperature
The heating coil temperature was varied between 95°C and BO°C with the acid and quinol concentrations in Kober's reagent maintained at 65 % (vjv) and 20 gIl respectively. Again, the procedure and expression of results was the same as in the two previous sections (Figs. 6 and 7).
Precision ofpooled urine assays
The pooled urine was assayed 20 times on each of the above occasions, giving a total of 15 x 20 assays with both trichloracetic acid and p-nitrophenol in Ittrich's reagent. The "within batch" precision on each occasion gave a coefficient of variation below 4%. These assigned values were obtained by tbe method of Oake}' et al, (1967) .
Comparison of the use of Ittrich's reagent with trichloracetic acid and p-nitrophenol
The values obtained were compared by the paired t test. A P value was found for each standard and urine for the various changes in conditions described, and for each of these conditions for all the standards and urines. In all cases P < 0.001.
Effect offinal acid concentration
Concentrations of 80 % (vjv) sulphuric acid and 20 gJl of quinol in Kober's reagent and a heating coil temperature of 120°C were used and the final acid concentration varied by using different pump tube sizes on the water line (Fig. 1) . The final acid concentration was calculated from the mean pump ,:1 ' }(J;." . I~.
CHIton. rates quoted by Technicon Instruments Co. Ltd., Basingstoke, Rants. In order to ensure complete debubbling at C-5 ( Fig. 1) , it was necessary to change the pump-off tube size when the water line was changed. This was done on a trial-and-error basis with the relevant data given in Table 1 . At the higher acid concentrations it was necessary to insert a thin strip of Teflon into the separator (BO) to aid separation and, at even higher concentrations when the specific gravity of the acid phase exceeded that of Ittrich's reagent, the BO was inverted so that the lighter phase (chloroform) passed through the flow ceIl. The oestrogen standards were assayed under these conditions with both Ittrich's reagents, and Results were obtained On 220 routine specimens by the original method and our modified method. When these were compared r was 0.59 and P < 0.005. When the modified method was compared with Oakey's method r was 0.88 and P > 0.1, and the slope of the regression equation was 0.99. The mean value with Oakey's method was 0.44 mg/24 h higher. The old method was calibrated by means of the calibrated urines. The modified method was calibrated with oestriol-16cx(,B-n-glucuronide), but the results were expressed as free oestriol. The manifold shown in Fig. 1 was modified as described in the previous section-that is, a green 20 acid-flex tube was used on the water line and a blue pump-off tube at C-5. 10% (vjv) sulphuric acid '" was pumped through the water line. The oestrogen standards were assayed by Kober's reagent with acid and quinol concentrations of 80% (vjv) and 20 gIl respectively, a heating coil temperature of 120°C, and varied concentrations of trichloracetic acid up to 20% (wjv) and p-nitrophenol up to 2.7% (wjv). At higher concentrations precipitation of p-nitrophenol occurred in the mixing coils of the instrument. The results are shown in Fig. 10 . the results were expressed as percentage fluorescence as in previous experiments (Fig. 8 ).
The above procedure was repeated, but the final acid concentration changed by adding sulphuric acid to a constant water line in varying concentrations. The pump tube used on the water line was a green acid-flex and the pump off at C-5 was blue. Table 2 gives the relationship between the acid III concentration in the water line and the final acid '0 concentration, and Fig. 9 shows the results of these experiments. It was noted that in both procedures '" there was a marked decrease in sensitivity as the final acid concentration increased and that at 60% '" /' From the results of the above investigations a modified method is suggested in which certain conditions have been changed as shown in Table 3 . 
Effect of diluting urines
A total of 81 specimens of urine received for routine assay were analysed by the modified method before dilution and after being diluted to 2 1. The total 24 h excretion was calculated from both results and that found for the undiluted specimen subtracted from that found for the diluted specimen (L1). The Kober reaction for the measurement of oestrogens is complex and according to Brown (1952) takes place in two stages: a reaction at elevated temperature between the steroid and sulphuric acid followed by a second reaction taking place after cooling and the addition of water. The system must have the correct redox potential, which may be achieved by the addition of a mild reducing agent such as quinol. Either the colour developed may be measured directly or the oestrogen chromogens may be transferred to an organic phase, usually chloroform. containing p-nitrophenol or trichloracetic acid and the fluorescence then measured according to the method of Ittrich (1960) . Brown (1952) has shown that the presence of a reducing agent, the time and temperature of the first stage of the reaction, the acid concentration in the Kober reagent, and the final acid concentration are critical for producing a colour with oestrogens, He has further shown that the conditions which are optimal for one oestrogen are not necessarily optimal for another. So far as the authors are aware these criteria have not been investigated previously in any detail in the context of automated procedures. The results in Figs. 2-7 show clearly that the fluorescence obtained with oestrone, oestradiol. oestriol, and their conjugates is not affected uniformly by changes in acid concentration and reaction temperature. The same is also true for the value obtained for pregnancy urines when compared with a pure steroid standard. The oestriol monoconjugates tend to react similarly to oestradiol conjugates, but not necessarily similarly to their parent unconjugated steroids. This is also true for oestrone. Variations in the quinol concentrations above 10 gjl seem to have little effect.
For the measurement of urinary oestrogens in late pregnancy it is desirable to select conditions which give the greatest specificity for the oestriol conjugates. The unconjugated oestrogens are present in only trace amounts in urine, and their effects may be ignored. On this basis an acid concentration of 80 %(vjv) in Kober's reagent was selected (con~entra tions above this were considered not practicable) with a coil temperature of 120°C (values higher than this appear to have little effect). A quinol concentration of 20 gjl was used, but this does not seem to be critical within the range investigated ( Figs. 4 and 5 ). ., 2 Investigation of the final acid concentration showed that when this exceeds 30% (vjv) the fluorescence due to ,B-oestradiol-3,B-n-glucuronide virtually disappears, and when acid is added to the water line and the final concentration exceeds 40% (v/v) the fluorescence due to ,B-oestradiol-17,B-n-glucuronide is considerably reduced (Figs. 8 and 9) . The difference in behaviour between these two conjugates remains unexplained. The results suggest that conditions for optimal oestriol measurement may be obtained by using the acid concentration in Kober's reagent and coil temperature already suggested with the final acid concentration raised to 40% (v/v) by addition of acid to the water line. An acid concentration in excess of this is impracticable because of loss of sensitivity. Although these conditions are critical, we believe they are within the tolerances to be expected from a well maintained AutoAnalyzer system.
Changes in the concentration of trichloracetic acid and p-nitrophenol in Ittrich's reagent have little effect (Fig. 10 ), but in their absence no fluorescence is observed. p-nitrophenol compared to trichloracetic acid always gives a statistically. significantly lower fluorescence with oestriol conjugates than with the other oestrogen (P values < 0.001), and sensitivity is lower. For these reasons trichloracetic acid is preferred.
Before applying the chosen method to the measurement of pregnancy urines the method of calibration was considered. Most workers have calibrated their automated methods with urines previously assayed directly or indirectly by a manual method or, with unconjugated oestriol standards, made up in ethanolj water. This investigation shows these alternatives to be unsatisfactory. Urines are unsatisfactory because calibration is carried out under different conditions from those in which they are going to be used, and oestriol behaves differently from its conjugates and is insoluble in water. The use of ethanol in increasing oestriol solubility is inadvisable because, as a mild reducing agent, it affects the redox potential of Kober's reagent (Brown, 1952) . In these experiments unconjugated steroids were dissolved in an alkaline buffer. We suggest that oestriol-16cx (,B-n-glucuronide) should be used for calibration because it is probably the most abundant oestriol conjugate in pregnancy urine (Hashimoto and Neeman, 1963) and is easily solubilized. We have purchased several batches from Sigma Chemical Co., and find between-batch agreement within experimental error, and are satisfied as to its suitability as a calibrating standard. However, free oestriol is acceptable (and cheaper) if solubilized in alkaline buffer, as its fluorescence under our optimized conditions is similar to the oestriol conjugates. When the results obtained by this modified method from pregnancy urines were compared with those obtained by the present routine method in our laboratory, the results in almost all cases were considerably lower. This is not surprising since the conditions which we were previously using are, in the light of this work, particularly insensitive to oestriol conjugates. However, a good correlation with Oakey's method is now obtained. Carry-over measured by the method suggested by Hainsworth and Hall (1971) was 0.06 and the "within batch" coefficient of variation is a reflection of the state of the manifold, which should be changed weekly or after every hundred analyses. It has been observed that glucose reduces the fluorescence of glycosuric urines, and from the work of Brown (1952) it is assumed that this is due to a change in the redox potential of the reaction. Glucose should therefore be removed with borohydride (Worth, 1973) .
The dilution of urines before assay has an effect ( Fig. 11) which is difficult to interpret. The mean effect is to increase the value obtained on a 24 h output by less than 2 rng, which is not significant, but the effect on some specimens is significant. Evidence at present indicates a salting phenomenon, and preliminary experiments show chloride ions enhance and phosphate ions quench fluorescence in a non-linear manner. The situation is complex and needs further investigation.
In summary, the authors suggest that this investigation explains some inter-laboratory variations observed in the results on National Quality Control specimens submitted by laboratories using ostensibly the same method. We further suggest that conditions are so critical that changing the size of one pump tube from that recommended may be sufficient to produce a different result for a given specimen. The modified method which we suggest and whose criteria are summarized in Table 3 is optimized for the measurement of oestriol conjugates. The results obtained with the National Quality Control specimens are nearer to the mean for the manual Brown method than the automated methods, and we feel that this gives a more accurate assessment of fetoplacental function. This needs to be substantiated by a clinical trial.
The present study has elucidated only some of the problems of automated urinary oestrogen assay. The effect of the sulphate conjugates has not been investigated because of difficulties in obtaining them in a pure and stable form. Our modified procedure, though more specific for oestriol conjugates, gives appreciable fluorescence with oestrone conjugates. Brown (1952) investigated the effect of phenols other than quinol and chose quinol because of its stability and sensitivity. These criteria are less critical in automated than in manual techniques, and it is therefore possible that an alternative reducing agent would produce a reaction more specific for oestriol. Hobkirk et al. (1970) suggest that ring-D e-ketols make an appreciable contribution to the total steroid output, their contribution to the total fluorescence has not been considered here. The effect of dilution and the presence of inorganic ions has been mentioned briefly, but has not been studied in any detail.
ADDENDUM
Since this method has been used routinely in our laboratory two modifications have been made to the manifold. The pump off tube at C-5 has been replaced by a green acid-flex and the cell pump off tube by a purple acid-flex. These changes have improved the shape of the peaks obtained and carryover has been reduced to 0.39.
The borohydride procedure for removing glucose (Worth, 1973) has also been modified. The excess borohydride is now destroyed with 3 drops of concentrated sulphuric acid instead of hydrochloric acid. Under the present conditions of increased acid concentration there appeared to be a liberation of hydrochloric acid gas by the acid in Kober's reagent, which caused surging. This phenomenon disappeared when sulphuric acid was used instead of hydrochloric acid.
